thors who have published reports in the current literature have not addressed the annual inpatient volume, costs of inpatient hospitalization for the treatment of vertebral fractures, and the trends in patient demographics. The goal of this study was to identify national trends in VAPs and spinal fusions for patients with PVFs in the US between 1993 and 2004. We examined a national inpatient database that represents a large unselected sampling of US clinical practice and an unbiased cross-section across the entire country. We evaluated the impact of demographics (age, sex, insurance coverage, hospital size, and geography). One of our goals was also to shed light on trends in surgical procedures and outcomes of patients with PVFs, including a commentary on spinal fusions and the introduction of kyphoplasty and vertebroplasty.
Clinical Material and Methods
Data were obtained for the years of the study period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) from the NIS, which is the largest all-payer inpatient care database. 1 It is sponsored by the Agency for Healthcare Research and Quality and is used by policy makers to identify, track, and analyze national trends in healthcare usage, access, charges, quality, and outcomes. It contains data from approximately eight million annual discharges from 1004 hospitals in 37 states and approximates a 20% sample of nonfederal community hospitals, representing about 85% of all hospital discharges in the US. 1 The discharge abstract is stratified by the ICD-9 diagnostic and procedure codes. The NIS data are generally available from 1988 to 2004, allowing analysis of trends over time. The number of states in the NIS has grown from eight in the first year to 37 currently. Thus, the data have become progressively more representative of the national population.
We used NIS data collected from 1993 through 2004 to determine general trends in PVFs. Patients with pathological fractures were identified using the ICD-9 diagnostic code (ICD-9 733.13, PVF). We examined trends in inpatient hospitalizations from 1993 to 2004. In terms of surgical techniques, new ICD-9 procedure codes were implemented by the Centers for Medicare and Medicaid services in 2004, subdividing the previous procedure code of "other procedures of bone" (ICD-9 78.49) into vertebroplasty (ICD-9 81.65) and kyphoplasty (ICD-9 81.66). Thus, 2004 was the first year in which VAPs were properly coded for the purposes of the NIS database. We also examined trends in spinal fusions for pathological fracture by cross-referencing the appropriate CCS codes (CCS code 158, spinal fusion) with the appropriate ICD-9 diagnostic code (ICD-9 733.13, PVF For PVFs admitted in 2004, we examined patient demographics including age, sex, income, type of hospital, hospital size, payer mix, admissions from the emergency department, hospital charges, and geographical variations. Geography was divided into four regions as defined by the Census Bureau: Northeast, Midwest, South, and West. The US census data were used to adjust population estimates per 100,000 of US population. 31 Outcome measures included mortality rate, LOS, and discharge disposition (home compared with institution). The charges analyzed reflect only those for the inpatient hospitalization. Statistically significant differences between variable means and their corresponding standard errors were evaluated using the Z-test, with significance set at a probability value of less than 0.05. Results pertain to the US population only.
Results

Pathological Fractures
Over the 11-year period from 1993 to 2004, there was an increase in the number of hospitalizations for PVFs. Admissions for PVFs increased from 16.9 per 100,000 individuals in 1993 to 18.9 per 100,000 individuals in 2004 (Fig. 1) .
Surgical Treatment of Pathological Fractures
The overall trend in spinal fusions for pathological frac- 
Patient Characteristics
There were 55,542 inpatient admissions for PVFs identified in the NIS database for 2004. Clinical characteristics of patients are summarized in Table 1 . For 2004 the majority of patients admitted to the hospital for PVFs were women (78%) in the 65 to 84 year-age group (60%).
Medicare accounted for greater than 80% of insurance, and nearly 50% of all patients were admitted from the emergency department. Analysis of the average patient demographic income showed that approximately 75% lived in a demographic area with an income of $36,000 or greater.
Hospital Characteristics
In 2004 the ratio of admissions to teaching/nonteaching hospitals was 60:40. The overwhelming majority of patients were admitted to medium-and large-sized hospitals (Table 1) . Those hospitals located in the Southern US accounted for a significantly higher proportion of PVFs (37%). The mean LOS for patients with PVFs has continued to decrease, from 8.1 days in 1993 to 5.4 days in 2004 (p Ͻ 0.001) (Fig. 3A) . The mortality rate has remained relatively constant at approximately 1.5% (Fig. 3B) . The discharge disposition (home compared with institution [nursing home or rehabilitation facility]) decreased slightly; in 1993 45% of patients were discharged home and in 2004 40% of patients were discharged home (p Ͻ 0.05). By contrast, the number of discharges to institutions (nursing home and rehabilitation facility) increased from 34 to 41% of the patient population in 1993 and 2004, respectively (p Ͻ 0.001) (Fig. 3C) .
With regard to charges, as various therapeutic and surgical interventions have become available and increasingly prevalent, the mean hospital charges have more than doubled, from $9066 in 1993 to $24,526 in 2004 (Fig. 3D) . The number of admissions for PVFs multiplied by the mean hospital charges was used to generate a "national bill" for 2004, the total of which was $1.3 billion (Table 2) . Table 2 
Discussion
The NIS database provides a valuable opportunity for examining trends in the frequency of procedures and population characteristics for a number of different diagnoses. 1 In the present study, we examined trends from 1993 to 2004 with respect to inpatient hospitalizations, mortality rate, LOS, hospital charges, and discharge disposition. Other factors such as age, sex, hospital size, insurance, and geographical variation were also examined and subdivided for 2004.
While providing many broad interpretations based on a national sample, however, the research approach used in this study does have certain limitations. One limitation was in the degree of completeness of the data contained within the NIS database. For example, in those patients in the younger age groups (age range 18-44 years), accurate inpatient data are not available to generate reliable standard errors in some cases such as the mortality rate ( Table 1) . As a result, these numbers were omitted and not available in the NIS database. A second limitation is that the NIS only contains data on inpatient discharges. The total number of PVFs has been estimated to be approximately 700,000 annually, but the database recorded a total of 55,542 admissions in 2004, suggesting that only about 8% of patients with PVFs were admitted to the hospital. 7, 11, 30, 33 In the current analysis from the NIS database for 2004 we examined the number of patients with PVFs admitted to hospitals across the US. In 2004 55,542 admissions were recorded in the database compared with 43,664 in 1993.
When corrected for growth in the US Census and normalized per 100,000 US population, the total number of patients admitted with PVFs was 16.9 in 1993 and 18.9 in 2004 (p Ͻ 0.001) (Fig. 1) . With the continued increase in the aging population, the rise in pathological fractures may be attributed to two major causes: the increasingly higher prevalence of osteoporosis and the increased prevalence of spinal metastases due to improved cancer therapies. 18, 32 Age was an important factor affecting the incidence of pathological fractures, with 60% of patients in the 65 to 84 year-age group and an additional 28% in the 85 year and older-age group. The proportion of patients admitted from the emergency department has remained fairly constant at 50%. In addition, sex was another critical factor; 78% of patients with PVFs were female ( Table 1 ).
The total number of spinal fusions underwent a 15-fold increase from 1993 to 2002 (Fig. 2 lower) . Even more staggering was the 130-fold increase in the number of VAPs between 1993 and 2004 (Fig. 2 upper) . This may largely be explained by the increased utilization of vertebroplasty and kyphoplasty, which were adopted in 1990 and 1998, respectively. The number of spinal fusions performed for pathological fractures represents less than 1% of the total number of spinal fusions performed annually, indicating that the great majority of fusions were performed for oth- VAPs have undergone a dramatic rise, only 42% of hospitalized patients suffering from PVFs were treated surgically, leaving a significant likelihood of a continuing increase in the number of surgeries over the next several years. 6, 13, 19, 23 The LOS of hospitalizations for PVFs has decreased from 8.1 days in 1993 to 5.4 days in 2004 (Fig. 3A) . As new technologies have been developed and adopted to treat vertebral fractures, the duration that patients remain relegated to bedrest, brace therapy, and analgesic treatment has decreased and patients have been able to be treated and discharged after a shorter LOS. 4, 14, 22, 28 The discharge disposition (routine discharge, home health care, or rehabilitation institution) between 1993 and 2004 also significantly changed (Table 1 and Fig. 3C ). In 1993 45% of patients were discharged home compared with 40% in 2004 (p Ͻ 0.05). By contrast, the number of discharges to institutions (nursing home or rehabilitation facility) increased from 34% in 1993 to 41% in 2004 (p Ͻ 0.001). This may be a consequence of a number of factors. An increasing number of patients are undergoing VAPs and require further rehabilitation postoperatively. In addition, there has been increasing pressure from hospitals and insurance providers to discharge patients sooner. Finally, the aging of the population influences the demographics such that 88% of patients admitted were 65 years of age and older and may therefore require additional support in terms of home healthcare assistance or rehabilitation after inpatient hospitalization and procedures.
When comparing hospital admissions for different types of fractures, vertebral fractures had a smaller, but very significant, impact on healthcare costs and health resource utilization with a "national bill" totaling $1.3 billion in 2004 ( Table 2 ).
Interventions that can reduce the number of fracturerelated extended LOSs and nursing home care, especially in women age 65 to 84 years, are likely to be particularly cost effective. 11, 14, 17 With increased awareness of osteoporosis, implementation of preventative measures, and continued innovation and adoption of new technologies to treat vertebral fractures, it will be interesting to see how the existing trends change and the effect these factors will have on the utilization of health care resources on a national level.
Conclusions
In summary, we have provided a national perspective on * ED = emergency department; metro = metropolitan; rehab = rehabilitation; -= not available due to insufficient data. inpatient hospitalizations and outcomes for patients with PVFs in the US. The increase in the number of pathological fractures and the tremendous rise in the number of spinal fusions and VAPs performed during the same time period underscore the continued adoption of these technologies for treating this serious and increasingly prevalent disease. Because of the continued aging of the population, PVFs represent an important cause of disability and a significant source of healthcare resource utilization. 
